INTRODUCTION
Clinical mastitis (CM) has important deleterious effects on dairy herd productivity, longevity, and profitability because of decreased milk production, decreased reproductive performance, costs associated with treatments, and the increased risk of culling and death of affected animals (Halasa et al., 2007) . In 2 recent studies conducted on Canadian dairies, most the participants (71 and 54%) stated that they were worried by the cost of mastitis on their farm (Dufour et al., 2010; Francoz et al., 2011) . Mastitis was reported to be the most important cause of antimicrobial drug use in dairy herds with close to half of the antimicrobials used on dairies being used for mastitis control, mainly for treatment of CM cases (Saini et al., 2012) .
For certification, organic dairies have to meet specific requirements and the use of conventional treatments Invited review: A systematic review and qualitative analysis of treatments other than conventional antimicrobials for clinical mastitis in dairy cows (i.e., antimicrobials) is limited. In cases of clinical diseases, alternative treatments must be instituted first and conventional treatments must only be used when alternative treatments are not successful (Agriculture and Agri-Food Canada, 2012) . Moreover, the use of antimicrobials are also scrutinized in conventional dairies and even restricted in some European countries (Santman-Berends et al., 2016) . Consequently, conventional dairy producers also have a growing interest in non-antimicrobial therapies.
The use of numerous non-antimicrobials CM treatments has been reported in organic and in conventional dairies. For simplicity, in the remainder of the manuscript non-antimicrobial treatments will be divided in 2 categories: (1) alternative treatments (i.e., alternative to the mainstream allopathic medicine); and (2) non-antimicrobial conventional treatments (i.e., mainstream allopathic treatments that do not directly affect microorganisms). Alternative treatments mainly include homeopathy, biologics (products derived from live organisms that can be used to treat or prevent a disease), botanicals (i.e., aromatherapy, phytotherapy), probiotics, and acupuncture (Karreman, 2009; Ruegg, 2009; Ameloot, 2010) .
Evaluation of CM treatment efficacy is a difficult task. First, efficacy can be evaluated based on clinical or bacteriological cures, or both. Furthermore, the effect on milk production is important for determining marketability of a treatment. Second, following initial in vitro and in vivo experimental studies, treatment efficacy should ultimately be evaluated in a randomized controlled trial (RCT; i.e., the gold standard for evaluating the effect of medical treatments). For CM treatment, because a relatively high rate of spontaneous resolution is expected (>30%; (Hektoen et al., 2004) ), the treatment under investigation must be compared with one or many control groups. Optimally, at least 3 different treatment groups would be included in a RCT: a negative control group (no treatment; when justifiable, for instance for less severe cases), a positive control group receiving currently recommended treatment (an antimicrobial, for instance), and the tested treatment group (the non-antimicrobial treatment in this case). Moreover, persons responsible for treatment administration and for evaluation of health outcomes, caregivers, and analysts should be blinded to group allocation. To date, very few alternative treatments have been formally evaluated in RCT. Consequently, recommendations frequently conveyed in the dairy organic sector on use of some alternative treatments are not based on data of efficacy and are often questionable. Additionally, results on the efficacy of these approaches for CM treatment have never been collated in a coherent whole and compared. To our knowledge, only 2 narrative literature reviews have been published on CM alternative treatment (Ruegg, 2009; Ameloot, 2010) . These reviews were not systematic reviews (SR) or meta-analyses (Sargeant et al., 2006) , and all the different alternative products were not reviewed. Thus, the efficacy of the non-antimicrobial CM treatments available have never been evaluated in a systematic manner. Providing evidence-based advice on non-antimicrobial treatments of CM is, therefore, a difficult task for dairy practitioners and extension agents. A rigorous and exhaustive evaluation of these treatments would help inform the development of standard operating procedures for the treatment of CM in organic dairy. Furthermore, alternative treatments showing unequivocal efficacy could also be used in conventional dairies and would potentially help decrease use of antimicrobials.
Therefore, the objectives of the current study were to identify and report efficacy results of alternative and non-antimicrobial conventional therapies for treatment of CM in dairy cows that have already been studied in RCT, non-RCT, observational studies, or experimental studies using mastitis models. The aim of the study was to determine the therapies that have demonstrated efficacy in scientifically sound research protocols or that have shown consistent results across the available literature, or both.
MATERIALS AND METHODS
The chosen study design was a SR of the literature. Systematic reviews aim at collecting, analyzing, and synthesizing multiple research studies. This methodology can provide an exhaustive summary of the current literature on a given topic using a detailed and reproducible methodology.
Criteria for Considering Studies for the Review
Types of Studies. Study designs such as RCT, non-RCT, observational studies (cohort, cross-sectional, and case-control designs), and experimental challenges using naturally acquired CM or bacterial-or endotoxininduced CM models were retained. For studies using bacterial-or endotoxin-induced CM models (i.e., experimental challenge), to be included in the review the treatment had to be instituted after onset of clinical signs (vs. the treatment being administered at the time of the challenge or shortly after). Study designs such as case-series, case-report, or expert opinion were not retained. Only studies evaluating the efficacy of a treatment other than conventional antimicrobials for treatment of CM (grade 1 to 3) during the lactating period were included. All studies on the treatment of subclinical mastitis or on dry cow therapy were excluded.
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Types of Participants. Lactating dairy cows with CM were the participants of interest. Because extrapolation from other species is difficult and because of the difference in pathogens involved or immune system function, tropical breed (e.g., Gyr cow), other ruminant (e.g., water buffalo), and nonruminant species were excluded.
Types of Interventions. All treatments other than conventional antimicrobials for treating CM in lactating dairy cows were considered. These treatments could have been administered locally on the mammary gland by topical or intrammammary administration, or systemically, by oral, intra-vulvar, intra-nasal, i.m., s.c., or i.v. administration. Trials or control groups where a combined intervention consisting of a non-antimicrobial and an antimicrobial treatment was investigated were excluded. Control groups could include a group of untreated cows or a group of cows receiving placebo (i.e., negative controls) or a group of cows receiving a conventional antimicrobial intervention (i.e., positive control). Studies making use of multiple control groups were also retained. Studies not using at least one control group were considered to be case-series or case-report studies and were excluded.
Types of Outcome Measured. When evaluating efficacy of a CM treatment, one would expect results on resolution of clinical signs (i.e., clinical cure), resolution of the IMI (i.e., bacteriological cure), and, possibly, on the effect of the treatment on subsequent milk production. Consequently, the primary outcomes evaluated in this study were (1) resolution and recurrence of clinical signs, which include systemic (rectal temperature, heart rate, respiratory rate, rumen motility, ruminal contraction rate, attitude, appetite, or behavior score) as well as local signs (quarter size, quarter edema, quarter inflammation, milk appearance) and milk SCC variation; (2) bacteriological cure; and (3) milk production (short and long term).
Search Methods for Identification of Studies
Electronic Search. Identification of the relevant databases and elaboration of the search strategy were conducted with the help of a librarian (Huguette Mallette, Faculté de médecine vétérinaire, Université de Montréal). The initial database search was conducted to identify relevant literature irrespective of language and publication status. Two databases, CAB Abstracts (http://ovidsp.ovid.com/autologin.cgi), and PubMed (https://www.ncbi.nlm.nih.gov/pubmed), and 1 search platform, Web of Science (https://login.webofknowledge.com), were searched on the same day (June 3, 2014) for original research published on or after January 1, 1970. Boolean search strategies using thesaurus terms or natural language (or both) used in abstract, title, original title, broad terms, or heading and based on descriptors of the population of interest (dairy cows), outcome studied (CM), and the treatment aspect (the treatment other than conventional antimicrobials), were designed specifically for each database. Regarding the treatment aspect, an exhaustive list of search terms was developed by the authors who were experts on this topic. Key words and search strategies used for each database are presented in the Appendix.
Searching Other Resources. When a publication was retained to be included in the SR after having undergone the complete selection process (see below), the list of references of the included publication was then reviewed by 2 reviewers (DF and VW) to identify additional publications not previously identified by the initial database search. These additional publications were also evaluated for inclusion by 2 reviewers (DF and VW) as described for the initial electronic search, but without formal blinding (see below). Whenever this process resulted in the inclusion of an additional publication, the list of references of the newly included publication was again screened and the process was repeated until complete depletion.
Data Collection and Analysis
Selection of Studies. Results of the 3 electronic database searches were imported in EndNote X7.1 (EndNote, Philadelphia, PA), and duplicates were eliminated. Three reviewers (JPD, VW, and DF) worked independently to evaluate each title and abstract. During this process, reviewers were blinded to authors' names, journal, and year of publication of the manuscripts. At this stage, reviewers were more liberal for inclusion of publications (i.e., in case of doubt, publication was retained for further evaluation). The results of the review process of the 3 reviewers were compared, and whenever the reviewers disagreed on the selection of an abstract, a consensual decision was taken. Full text of the articles selected were then obtained and reviewed by 4 reviewers (JPD, VW, DF, and SD) in a similar fashion, but with strict application of the inclusions and exclusions criteria. To be included, manuscript had to (1) be published between 1970 and June 2014; (2) be written in English or in French; (3) evaluate a treatment other than a conventional antimicrobial treatment for CM on dairy lactating cows (i.e., prevention, dry cow therapy, or treatment of subclinical mastitis were excluded as well as studies conducted on tropical breeds and buffaloes); (4) present original research (i.e., case series, case report, and reviews by experts were excluded); (5) be conducted in vivo on dairy cows; (6) have a treatment instigated after, not before, apparition of clinical signs; and (7) present results on clinical cure (e.g., resolution of clinical signs, CM recurrence), bacteriological cure (e.g., posttreatment milk bacteriological culture), the return of milk SCC at an acceptable level, or milk yield following treatment.
If 2 or more publications presented results from the same study, only the most complete study was selected. In some instances, authors were contacted to confirm originality of results from different publications.
Data Extraction and Management. Data of each selected publication were extracted independently by 3 reviewers (SD, VW, DF) using a standardized form. The following information was extracted: (1) Study methods and characteristics (year of publication, country of study, funding, design of the study (including randomization and blindness); (2) participants (number of herds, number of cows, number of CM cases, age, breed, and inclusion and exclusion criteria including diagnostic criteria for CM); (3) intervention (type of non-antimicrobial treatment, dose, route of administration, frequency of administration, and duration of treatment); (4) control group (no treatment, placebo, positive antimicrobial control treatment); (5) outcomes (types of outcome measures, reported outcomes, adverse events, follow-up time, and results). All extracted data were compared between the 3 reviewers for completeness and accuracy. Data were then transferred into Review Manager 5.3 (The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark).
Assessment of Risk of Bias in Included Studies. Assessment of risk of bias in included studies was evaluated using The Cochrane Collaboration's tool for assessing risk of bias (Cochrane Handbook for Systematic Reviews of Interventions version 5.1.0). This tool was available through Review Manager (RevMan 5.3). It included the appraisal of 7 specific sources of bias commonly observed in clinical trials: random sequence generation and allocation concealment (2 potential sources of selection bias); blinding of participants and personnel (a potential source of performance bias); blinding of outcome assessment (a potential source of detection bias); incomplete outcome data (a potential source of attrition bias); selective outcome reporting (a potential source of reporting bias); and any other potential bias not explicitly listed. Risk of biases was first assessed independently by 3 reviewers (SD, VW, DF) as low risk, high risk, or unclear risk. It is important to note that the unclear risk category was not used as an intermediate category between the low and high risk categories. This category was instead used whenever the information presented was insufficient to permit risk evaluation. Results of the 3 evaluations were then compared and a consensus was obtained in cases of disagreement.
Statistical Analyses. Whenever clinical cure or bacteriological cure rates were compared in selected publications, a post hoc statistical power analysis was conducted. For these analyses, the power of the study to conclude on statistical significance regarding the observed difference between treatment and positive control groups or between treatment and negative control groups, given the available group's size, and using an α of 0.05, was computed using the Fisher exact test for 2 proportions available in SAS 9.4 Power procedure (SAS Institute Inc., Cary, NC). These post hoc power calculations were used to better appraise nonsignificant results. For instance, a study with a relatively small sample size and for which large differences in cure rate were observed between the treatment under investigation and a group of cows treated with a conventional CM treatment could report no statistical difference in proportion of cured animals and, thus, wrongly conclude that the investigated treatment is equivalent to the conventional treatment. Similarly, a relatively small sample size could wrongly lead to the conclusion of no difference between the treatment under investigation and a placebo, if the clinical effect of the treatment is relatively modest. Reporting the power of these studies would then help appraise and interpret the clinical significance of nonsignificant results.
RESULTS

Description of Studies
Search Results. Result of the different steps for identifying the relevant literature is presented in Figure  1 . Briefly, 2,451 independent abstracts were identified using the search strategy previously presented. Among the 167 papers remaining after title or abstract evaluation (or both), 54 were excluded before complete text evaluation: 48 were written in a language other than English or French (Russian 13, German 11, Chinese 8, Polish 5, Portuguese 3, Spanish 2, Arabic 1, Czech 1, Hungarian 1, Italian 1, Norwegian 1, and Swedish 1) and full text was not available for 6 publications (i.e., abstract only). Among the 113 manuscripts reviewed, 78 were excluded after full text assessment and 35 publications were included. Four additional studies were included after review of the references of already included studies. Thirty-nine manuscripts were, therefore, included in the current review and further analyzed.
Included Studies. The 39 manuscripts included in the SR and available for qualitative synthesis reported on 41 trials. General characteristics, treatments, and outcome of interest evaluated in each trial are presented in Table 1 . Most manuscripts were published in peer-reviewed scientific journals. Four manuscripts were pub-lished in conference proceedings (Ziv and Longo, 1991; Dinsmore et al., 1994; Elvinger et al., 1994; Mueller, 2004) and one as a thesis (Masson, 2006) . Among the 41 trials, 22 were clinical trials, 18 were experimental challenges using CM models (13 using endotoxin-induced CM models, and 5 using bacteria-induced CM models), and one was an observational cohort study. The different alternative treatments evaluated in these trials were biologics (n = 9), homeopathy (n = 5), botanicals (n = 4), probiotics (n = 2), and other alternative products (n = 2). The conventional non-antimicrobial treatment investigated were oxytocin with or without frequent milking (n = 5), and conventional anti-inflammatory drugs (nonsteroidal only: n = 10; steroidal only: n = 2; both: n = 2). Description of the treatment regimens evaluated, control groups used, and definitions of clinical or bacteriological cure (or both) used in each study are presented in Supplemental Table S1 (https://doi. org/10.3168/jds.2016-12512). Outcomes related to resolution of inflammation were reported in almost all trials (40/41). The effect of treatment on bacteriological cure or bacterial count was investigated in 22 trials. Finally, the effect of treatment on subsequent milk production was investigated in 15 trials.
Risk of Bias in Included Studies
The methodological quality of each of the 41 trials, including selection biases, blinding, incomplete outcome data, selective reporting, and other potential threats, is presented in Supplemental Figure S1 (https://doi. org/10.3168/jds.2016-12512). A summary of the risk of bias evaluation is presented in Figure 2 . All trials had at least one potential source of bias rated as high or unclear. The source of bias most frequently rated as high risk were related to blinding of participants and personnel (high risk, n = 17; 41%), and blinding of outcome assessment (high risk n = 16; 39%). The most frequent reason for a high risk classification for blinding of participant and personnel was the absence of blinding and the fact that it could have influenced the care for the animals during the study. Many of these high risk studies were actually conducted on commercial dairy farms, where knowing the treatment status of a given cow is more likely to lead to a differential level of care by farm employees. Trials were classified as high risk for blinding of outcome assessment when blinding of observer was not reported and when a subjective outcome was assessed (e.g., udder or milk appearance, pain and discomfort). Selective reporting was also frequently rated as high risk (high risk: n = 14; 34%). In many trials no mention was made of analyses of some or many of the outcomes reported as being measured. In some other cases, an important outcome that should have been measured (given the study design used) was ignored. In many trials (n = 23; 56%), the risk of bias associated with random sequence generation was considered unclear either because randomization was not mentioned, or the randomization process was simply not described. Fourteen trials (34%) were classified as having an unclear risk regarding allocation concealment based on absence of reporting on this matter in a study design in which this could have influenced the case's recruitment. In 5 trials (12%), allocation concealment was inadequate and led to a high risk of allocation bias.
In most of the trials, animals selected were those included in the analyses or thorough explanations for exclusions were provided and nondifferential exclusion could be assumed (attrition bias, low risk: n = 26; 63%). In only 3 trials (7%), differential exclusion of some animals without explanations led to high risk of attrition bias.
Other potential important sources of bias for the evaluation of efficacy of non-antimicrobial treatment of CM were detected in 38 (93%) of the trials. They included the following: the absence of a negative control group (n = 18 trials); the absence of a positive control group (n = 17 trials, of which 12 were an endotoxininduced CM model); the impossibility to evaluate an important outcome because of the study design used (i.e., 13 studies with endotoxin-induced CM and for which bacteriological cure could not be investigated); a treatment investigated or instituted in a control group that is not completely described (n = 10 trials); inappropriate statistical analyses (2 trials); a study population that did not represent the usual commercial dairies population (2 hospital-based trials); and finally, Severity of the mastitis cases studied: severity was scored as 1 (abnormal milk), 2 (abnormal milk and local signs of inflammation), or 3 (abnormal milk, local and systemic signs of inflammation; Sears and McCarthy, 2003) . a profoundly inadequate definition of bacteriological cure (1 trial). For this latter study (Klostermann et al., 2008) , a bacteriological response was defined as a quarter-milk SCC <1,000,000 cells/mL and a milk bacteriological culture yielding <500 cfu/mL on d 14 posttreatment. According to current recommendations (Dohoo et al., 2011) , such a definition would include a very large number of truly infected quarters. Studies investigating conventional non-antimicrobial therapies had, in general, a higher number of items with low risk of bias as compared with studies investigating alternative therapies, which often had several items rated as high risk of bias or as unclear (Supplemental Figure S1 ; https://doi.org/10.3168/jds.2016-12512). Nevertheless, some studies investigating alternative therapies were rated as low risk of bias for most items evaluated (see Hektoen et al., 2004 , as an example), illustrating that it is possible to conduct good-quality studies on alternative therapies.
Effects of Interventions
Results regarding clinical cure and bacteriological cure for the alternative and for the conventional nonantimicrobial treatments are synthesized in Tables 2  and 3 , respectively. Although most studies did report on effect of treatment tested on clinical or bacteriological cure rate (or both), effect on milk production was unfrequently reported. All results reported in the 41 trials are further detailed by treatment category in the following sections.
Biologics. Three different immunoglobulin-based products were included in the study: hyper immune serum (Krishnamurthy and Sastry, 1990) , Y-complex (Pinchasov et al., 2005; Leitner et al., 2013) , and egg yolk immunoglobulin (Zhen et al., 2009 ). The authors reporting on the efficacy of the hyper immune serum observed a lower clinical improvement in the cows only treated with the hyper immune serum in comparison with those treated with antimicrobials or antimicrobials and hyper immune serum (Krishnamurthy and Sastry, 1990) . Unfortunately, no statistical analyses were available. The 2 trials on the Y-complex were performed by the same research group (Pinchasov et al., 2005; Leitner et al., 2013) . Results on clinical cure or bacteriological cure were not presented in these trials. Effect of treatment on milk production and on SCC was apparently investigated in Pinchasov et al. (2005) ; unfortunately, results of statistical analyses were not presented (Pinchasov et al., 2005) . In the Leitner et al. (2013) No significance difference between treatment groups in milk conductivity or California mastitis test could be observed. Finally, the efficacy of the egg yolk immunoglobulin was tested in an experimental study as well as in a clinical trial for the treatment of CM associated solely with Staphylococcus aureus (Zhen et al., 2009) . In these trials, a greater decrease occurred in bacterial count and SCC in treated cows compared with positive and negative control groups at d 6 (numbers not reported). Furthermore, in the 2 trials, the cure rates were reported to be significantly higher for immunoglobulin-treated cows (3/6 and 5/6) compared with both positive (2/6 and 4/6) and negative control (0/6 and 0/6) groups. For these later comparisons, however, Fisher exact tests conducted by the authors of the current review would indicate no statistical association between cure rate and treatment group. Moreover, the authors of the Zhen et al. (2009) manuscript did not report using statistical tests used to compare proportion (i.e., cure rate is indeed a proportion).
Killed extract of Propionibacterium acnes is considered as a product that is able to stimulate the immune system and was tested in 2 clinical trials and no significant difference in clinical cure was observed in comparison with the positive or negative control group in both studies (Dinsmore et al., 1994) . Unfortunately, the limited data available in this later study did not support the post hoc estimation of study power.
Lysosubtilin is a preparation of lytic enzymes with antibacterial and antifungal properties (Biziulevichius and Lukauskas, 1998) . It was evaluated in one clinical trial and no differences in clinical or bacteriological cures were observed when compared with positive controls (Biziulevichius and Lukauskas, 1998) . Additionally, lysosubtilin at the dose of 3.5 × 10 6 IU was reported to have a significantly shorter time to clinical recovery than the 2 conventional antimicrobial treatments and had a lower percentage of animals with relapse within 2 mo after treatment than the conventional antimicrobial treatment. With the exception of lysosubtilin at the dose of 3.5 × 10 6 IU, with a post hoc power of 78 to 85%, study power was relatively low (range: <5-37%), thus precluding any conclusion regarding noninferiority of the lysosubtilin treatment.
Bovine lactoferrin, a glycoprotein with bacteriostatic properties, was evaluated in one experimental study (bacterial challenge) and no significant differences were observed between the treated group and the positive controls in term of resolution of clinical signs (i.e., local sign score), SCC, and milk production during the study period (i.e., up to 6.5 d postbacterial challenge; Kutila et al., 2004) .
Homeopathy. The vast majority of trials investigating homeopathic treatments did not observe statistically significant differences in clinical or bacteriological cure between homeopathic and conventional antimicrobial treatment (i.e., the positive control group). Study power, however, was often very low (median: 12%), and thus, these studies do not support any conclusions regarding noninferiority of the homeopathic product when compared with the conventional CM treatment. For instance, in the trial conducted by Hektoen et al. (2004) , substantial differences in clinical cure rate were observed at d 7 (90% cure in positive controls vs. 67% cure in homeopathy-treated cows), but the probability of finding a statistically significant difference, if a difference truly exists, was only 30% with the available sample size.
In 2 trials, statistically higher clinical or bacteriological cure rates for conventional treatment compared with the homeopathy-treated cows were reported [bacteriological cure rate of 83 vs. 44% at d 7 in Werner et al. (2010) , and clinical cure rate of 95 vs. 63% as well as bacteriological cure rate of 74 vs. 36% at d 25 in Williamson and Lacy-Hulbert (2014)]. In the Werner et al. (2010) study, bacteriological cure rates at least 20 percentage points higher were also observed in conventionally treated compared with homeopathy-treated cows at d 14, 28, and 56, but low study power precluded any statistical conclusion on these (Werner et al., 2010) . Although cure rate in conventionally treated cows was numerically higher than that from homeopathy-treated cows on almost all evaluations, the Werner et al. (2010) study was also the only one to observe a statistically higher clinical cure rate in homeopathy-treated cows compared with conventional treatment for one of the comparisons evaluated (d 7 posttreatment; Werner et al., 2010) . For that comparison, a 0% (0/46) cure rate was observed in the positive control group. However, the statistical methods described in that manuscript (a generalized linear model with a logit function) should not allow any comparison with a group when the outcome (i.e., cure) is never observed. A Fisher exact test conducted by the authors of the current review did indicate, however, that this was indeed a significant difference.
One other study showed a numerically higher cure rate in the homeopathy-treated cows (87%) compared with the positive controls (59%; Varshney and Naresh, 2005) . No statistical analyses were presented in this later study, but a chi-squared test using the raw results and conducted by the authors of the current review yielded a P-value <0.01. In the Varshney and Naresh (2005) study, however, animals that did not respond to the homeopathic treatment within a few days were removed from the study, which is a very important source of bias.
When compared with placebo or untreated cows, in all instances no difference in clinical or bacteriological cure was observed in homeopathy-treated cows, with the exception of one study where a higher cure rate at d 56 posttreatment was observed in homeopathy-treated cows (36 vs. 16%; Werner et al., 2010) . These investigators, however, were not able to demonstrate cure rate differences between negative controls and homeopathytreated cows at any other evaluation time (i.e., on d 7, 14, and 28).
Observations other than general clinical or bacteriological cure rates were also reported in these studies. Number of days after instigation of treatment when outcome was evaluated. NA = not applicable. Power of the study to conclude on statistical significance regarding the observed difference between treatment and positive control group or between treatment and negative control group given the sample size chosen and using an α threshold of 0.05.
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Described as up to 5 d.
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Measured at first milk control following the clinical case. †Statistical methods reported seemed inappropriate and authors of the current review replaced it with a Fisher exact test; the result of this later test is reported. *Asterisks indicate, for a given outcome, a statistically significant difference in proportion of cure when compared with treatment under investigation (P < 0.05). Mueller (2004) reported no difference in CM recurrence rate or in number of cows exceeding 200,000 cells/mL at next DHI test between cows treated with ampicillin IM or homeopathy, but exact numbers were not provided (Mueller, 2004) . Varshney and Naresh (2005) reported a significantly longer mean recovery period in homeopathic-treated cows (7.7 vs. 4.5 d in antimicrobial-treated cows; P < 0.05), but significantly lower mean treatment costs in homeopathy-treated cows (US$0.47 vs. US$33; P < 0.05). Finally, Williamson and Lacy-Hulbert (2014) reported that, for IMI caused by Streptococcus uberis, a significantly higher bacteriological cure rate was achieve in antimicrobialtreated cows (48/65; 74%) compared with cows treated with homeopathic remedies (24/75; 32%). None of the studies investigating homeopathic treatment evaluated the effect of treatment on milk yield. Botanicals. The different phytotherapeutic products included in the study were combination of essential oils (Masson, 2006; Pinedo et al., 2013) , houttuynin Number of days after instigation of treatment when outcome was evaluated. Proportion of animals (or quarters) cured.
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Power of the study to conclude on statistical significance regarding the observed difference between treatment and positive control group or between treatment and negative control group given the sample size chosen and using an α threshold of 0.05. †Statistical methods reported seemed inappropriate and authors of the current review replaced it with a Fisher exact test; in this case, results of this later test are reported. *Asterisks indicate, for a given outcome, a statistically significant difference in proportion of cure when compared with treatment under investigation (P < 0.05).
sodium bisulfate (Hu and Du, 1997) , and glycyrrhizin (Kai et al., 2003) . Three trials reported specific data on clinical or bacteriological cure (or both). In 2 of these studies (Hu and Du, 1997; Pinedo et al., 2013) , however, study power was often very low (median: 12%), and thus, these studies do not support any conclusions regarding noninferiority or nonsuperiority of these botanicals treatments. In the Hu and Du (1997) trial, very similar and high cure rates were observed between conventional and alternative treatments (88 vs. 90%).
In Masson (2006) , significantly higher cure rates were observed in the conventionally treated cases compared with the cows treated with essential oils [odds ratio (OR): 2.0; P = 0.01] or to the cows treated with other alternative treatments (OR: 2.5; P = 0.01). In the Pinedo et al. (2013) study, no differences in clinical or bacteriological cure rates were observed between cows treated with essential oils and a negative control group. Additionally, no significant differences were observed between cows treated with essential oils and cows receiving no treatment in terms of hazard of recovery and subsequent SCS. However, a shorter time to recovery was reported in cows treated with essential oils (4.6 vs. 6.5 d in untreated animals), a significantly larger SCS reduction was also reported in cows treated with essential oils (numbers not presented; P = 0.04). Finally, Kai et al. (2003) observed differences in udder firmness and in gland swelling between glycyrrhizintreated and antimicrobial-treated cows (i.e., lower firmness score at d 2 and 7 for glycyrrhizin-treated cows, but higher swelling score at d 1, 2, and 7). They also observed lower coagulase-negative staphylococci count in milk of antimicrobial-treated cows at d 1, 2, and 7. None of the trials investigating botanicals investigated effect of treatment on milk yield. (Greene et al., 1991) and Lactococcus lactis DPC3174 (Klostermann et al., 2008) were the 2 probiotics tested in 2 different clinical trials. No differences were found in bacteriological or clinical cure rates between the intramammary probiotic treatment and the intramammary antimicrobial treatment. In all cases, however, numerically higher cure rates were observed in the antimicrobial-treated cows. Study power, however, was relatively low (range: 6-22%), thus precluding any conclusion regarding noninferiority of the probiotic treatment. In one study the SCC was significantly higher at d 7 and 14 in the probiotic group, but no SCC differences could be observed 2 to 3 mo after treatment (Greene et al., 1991) .
Probiotics. A combination of Lactobacillus casei and Lactobacillus acidophilus
Vitamins. Vitamin B 2 (Sato et al., 1999) and vitamin C in combination or not with l-histidine (Chaiyotwittayakun et al., 2002) were the different vitamins tested for their properties to enhance the immune system. Vitamin B 2 was tested in one clinical trial, and although lower SCC at d 3, 7, and 14 were observed, no difference in bacterial count was observed when compared with negative controls (Sato et al., 1999) . The efficacy of vitamin C and l-histidine, alone or in combination, was evaluated in an endotoxin experimental study (Chaiyotwittayakun et al., 2002) . For both of these molecules, no significant differences in clinical signs resolution (e.g., heart rate, respiratory rate, rectal temperature, ruminal contraction rate, DMI) were observed in comparison with no treatment. Additionally, no differences were observed in quarter milk production for both molecules, whereas a significantly higher composite (i.e., sum of the 4 quarters) milk production was observed for ascorbic acid between d 3 and 5 of the experiment.
Oxytocin With or Without Frequent Milk Out. Five trials (4 clinical trials and 1 experimental study) evaluated the effect of oxytocin injection; 2 trials evaluated oxytocin with additional milking and 3 without additional milking. Overall results showed similar or lower bacteriological and clinical cure rates for oxytocin treatment with or without frequent milking compared with antimicrobial treatment (Guterbock et al., 1993; Elvinger et al., 1994; Van Eenennaam et al., 1995; Roberson et al., 2004) . Again, the power of these studies was relatively low (median: 6%) and the fact that cure rate in oxytocin-treated animals was not different than that of positive controls should not be interpreted as a statement of noninferiority of the oxytocin treatment. Two studies also compared administration of oxytocin to no treatment; in both cases, the oxytocin-treated cows had clinical and bacteriological cure rates comparable to the untreated cows (Hillerton and Kliem, 2002; Roberson et al., 2004) .
In addition to clinical cure rate comparisons, Van Eenennaam et al. (1995) also reported a significantly greater proportion of relapse (i.e., retreatment or relapse of CM within 21 d of the initial case; 18/58 vs. 5/42) and of CM in another mammary quarter (16/58 vs. 4/42) in oxytocin-treated compared with cephapirin-treated cows (Van Eenennaam et al., 1995) . No differences were observed, however, in CM recurrence (i.e., CM event in the same quarter >21 d after initial case; 7/58 in the oxytocin group vs. 8/42 in the cephapirin group). Significantly lower costs were, however, reported for the oxytocin-treated cows (US$34.88) compared with cephapirin-treated cows (US$54.47). No significant differences in daily milk or 305-d milk production, time to return to normal secretion, number of nonsalable milkings, or time to culling could be highlighted between oxytocin-treated and positive controls.
In the experimental Streptococcus uberis model study, oxytocin had significantly lower clinical cure rate and bacteriological cure rate over antimicrobial treatment alone (Hillerton and Kliem, 2002) . Finally, in the Roberson et al. (2004) study, in addition to general cure rate comparisons, detrimental effects on bacteriological cure were reported for specific pathogens, more particularly Streptococcus spp. Moreover, in that study, animals frequently milked out had a significantly higher rate of high microbial growth (i.e., >700 cfu/mL) within the first 3 d of treatment than the antimicrobial-treated and untreated groups (Roberson et al., 2004) . Additionally, no differences with untreated cows were observed in this study in term of milk production or development of IMI in co-quarters (Roberson et al., 2004) .
Anti-Inflammatory Drugs. Four nonsteroidal anti-inflammatory drugs (NSAID) and 3 steroidal anti-inflammatory drugs (SAID) were evaluated in 14 experimental studies of CM using either an endotoxin (n = 12) or bacterial challenge (n = 2) model. The NSAID included were flunixin meglumine (8 trials), carprofen (2 trials), ketoprofen (2 trials), and ibuprofen (1 trial). The SAID tested were isoflupredone acetate (2 trials), dexamethasone (1 trial), and prednisolone (1 trial). Due to the study design used in most studies (i.e., endotoxin challenge) clinical and bacteriological cure rates could not be investigated.
Unsurprisingly, the most consistent clinical effect observed in these studies was a significant decrease in body temperature in comparison with no treatment, with the exception of the 2 trials on isoflupredone acetate Apley, 2003, 2004) and 1 trial on flunixine meglumine (Anderson and Hunt, 1989) , which did not observe a difference in body temperature between treated and untreated cows. Milk modification based on clinical aspect, SCC, or milk conductivity was not affected by administration of anti-inflammatory drugs with the exception of 1 trial on carprofen in which milk modification was worsened in comparison with no treatment, and 1 trial on ketoprofen in which it was improved. For the 2 Escherichia coli induced CM model (flunixin meglumine and carprofen), no difference was observed with the no-treatment group in term of resolution of clinical signs (Vangroenweghe et al., 2005; Yeiser et al., 2012) .
In the 2 studies using bacterial E. coli challenges, no differences were observed in term of bacteriological counts in comparison with no treatment (Vangroenweghe et al., 2005; Yeiser et al., 2012) . In general, no difference on milk production was observed in comparison with no treatment with the exception of 1 study on dexamethasone in which milk production was lower (Anderson and Hunt, 1989) and 1 study on carprofen in which it was higher (Yeiser et al., 2012) .
DISCUSSION
Summary of the Main Results
Mastitis control and treatment is the main cause of antimicrobial drugs use in dairy herds. In a context of a reduction or nonutilization of antimicrobial drugs, treatments other than conventional antimicrobial treatments that have already proven efficiency must be identified. A large number of alternative measures are available and have already been studied. However, one of the most valuable results of this SR was, perhaps, the appraisal of the very low number of studies without high risk of bias, as well as the limited statistical power of these studies. The validity of many of the included studies is consequently questionable. This prevents us from corroborating the results of these studies, and consequently, drawing definitive conclusions of the efficiency of these treatments is almost impossible. On the other hand, consistency in the absence of positive results, as well as reported detrimental effects, support the recommendation of not using some nonantimicrobial treatments such as homeopathy, oxytocin with or without frequent milking out, and probiotics.
Overall Completeness and Applicability of Evidence
The main goal of this SR was to identify treatments other than conventional antimicrobials that could be effective for the treatment of CM in dairy cows based on clinical signs resolution, bacteriological cure, and milk production. Unfortunately, milk production was one of the most frequently underreported outcome. Because it is an important outcome, particularly in term of costeffectiveness evaluation, this could be a limitation for application in practice.
Two of the included clinical trials were performed in an hospital setting [1 homeopathy (Varshney and Naresh, 2005) and 1 biologic (Krishnamurthy and Sastry, 1990) ]. This raises the question of applicability in commercial dairies. Additionally, many experimental studies were retained in the current SR. However, one could argue that they cannot fully represent CM as observed in commercial dairies. This is particularly true for endotoxin-induced mastitis. Efficacy of conventional anti-inflammatory drugs alone was only evaluated in experimental models of CM, making conclusions on their efficacy in field conditions impossible.
One important limitation for applicability of the results of this study in the field is the lack of availability of many products. For example, to our knowledge, lysosubtilin or immune-based products such a Y-complex or egg-complex are not commercially available in North America.
Additionally, one should take into account that in most of the trials included in this SR, these treatments were evaluated in monotherapy. In general, the goal of the alternative approaches is to act at different levels at the same time in the treatment of infection: (1) direct killing of the microbial (antimicrobial properties), (2) stimulation of the immune system (immunomodulation properties), and (3) control of inflammatory processes and associated signs (anti-inflammatory properties; Karreman, 2009 ). For these reasons, different substances often need to be combined in a multi-pronged approach.
Finally, due to the small number of studies reporting on a given treatment, to the different negative and positive control groups used, and to the various bacteriological and clinical cure definitions used, integrating the results from different studies in a meta-analysis was not possible. With a larger number of studies conducted and reported in a more homogeneous manner on a given treatment, an overall estimate of effect could have been computed for some therapies.
Quality of the Evidence
As mentioned previously, one major issue of this SR was the very low number of studies without high risk of bias. Indeed, apart from 1 publication that did not report sufficiently to fully assess risk of bias (Zhen et al., 2009 ), all of the 40 remaining trials selected had at least 1 high risk of bias on the 7 sources of bias evaluated. Various aspects of the included studies, from conception through implementation and up to reporting may thus have affected the quality of the evidence. Moreover, studies investigating alternative treatments often were scored as high risk of bias on many items. The poorer quality of these studies seemed to be due to poor study planning, poor implementation, and lack of knowledge on RCT, rather than to a difficulty inherent to the therapies investigated. Indeed, some authors were able to conduct very good quality studies on alternative products (Supplemental Figure S1 ; https:// doi.org/10.3168/jds.2016-12512). Given the financial resources that were invested in all these studies on alternative therapies, a minimal recommendation would be to use the Consolidated Standards of Reporting Trials (CONSORT) statement (www.consort-statement. org) to guide study planning and to incorporate to the research team a scientist with knowledge on RCT planning and implementation.
Furthermore, most studies investigating alternative treatments were directly tested in clinical trials conducted on commercial dairies without any prior efficacy investigation in an experimental model of CM. Conducting a RCT is, indeed, necessary to support adoption of a novel treatment. Recently, Gomes and Henriques (2016) reviewed the therapeutic approach for bovine mastitis and concluded that despite encouraging in vitro studies, in vivo studies are still required before drawing any conclusions. Some precautions are, however, necessary before testing a novel therapy on commercial dairies. Furthermore, previous demonstration of a treatment's biological relevance (e.g., an in vitro study, a proof of concept) is essential for correct interpretation of the results of a subsequent RCT. The fact that studies reporting on biological relevance are lacking for most alternative treatments is very disconcerting.
On the other hand, efficacy of conventional antiinflammatory drugs alone was only evaluated in CM experimental models. These drugs have demonstrated potential beneficial effects mainly on control of clinical signs. Whether these drugs can be beneficial as part of a CM treatment should now be evaluated using RCT.
Another common feature of all included studies is the small number using both negative and positive control groups in their protocol. Only 6/41 studies presented comparisons between a treatment group and positive and negative control groups (Supplemental Table S1 ; https://doi.org/10.3168/jds.2016-12512, Table 2, and  Table 3 ). Without both control groups, it is impossible to fully study the intrinsic efficiency of the alternative treatment. Furthermore, study designs comparing a novel approach with a conventional one (i.e., using a positive control group) require the very strict application of some core principles including a priori determination of the noninferiority margin, and a priori sample size or power determination (or both). Noninferiority margin was not discussed in any of the included articles using positive controls and a priori sample size determination or power was only reported in 2 studies (Guterbock et al., 1993; Hektoen et al., 2004) .
Potential Biases in the Review Process
Language restriction is a common bias to SR or meta-analysis. This barrier prevented the authors of the current review from having a general overview of all publications. In the current SR, 42% (48/113) of potentially relevant publications were excluded due to language restriction without a complete analysis. Among these, publications in Russian, German, and Chinese were among the most frequent. It was reported that language restriction (i.e., inclusion of only English published trials) underestimates the effectiveness of alternative treatments (Pham et al., 2005) . Additionally, Chinese biomedical databases were not searched in the present study, which may have led to underidentification of clinical evidence for alternative treat- ments (Cohen et al., 2015) . For instance, no article analyzing the effect of acupuncture on CM was retained because the 4 potential manuscripts of interest were in Russian, Chinese, and German. As stated by Cohen et al. (2015) , this underlines the necessity for increasing accessibility to Chinese databases and for collaboration between English-speaking and non-English-speaking research groups (Cohen et al., 2015) .
Agreement and Disagreements with Other Studies or Reviews
To our knowledge, no SR on the efficacy of treatments other than conventional antimicrobials for CM is available. However, 2 previous published reviews concluded that it was impossible to make any real conclusions on therapeutic efficiency of alternative veterinary products for the treatment of CM due to insufficient available data (Ruegg, 2009; Ameloot, 2010) . The current SR arrives more or less at the same conclusions. In addition, common flaws and pitfalls were identified in the current review and conclusions could be drawn regarding nonefficacy, and in some instances, problematic side-effects of homeopathy, oxytocin with or without frequent milk out, and intramammary infusion of probiotics.
Different SR or meta-analyses on homeopathy have already been published in veterinary medicine Clausen, 2014, 2015a,b; Mathie et al., 2016) . One major concern reported in all these studies is the overall poor quality of trials found. According to the authors, the low number of high-quality studies precludes any definitive conclusions on the effectiveness of homeopathy Clausen, 2014, 2015b) . Despite this, the conclusion of these studies is that, according to the data actually available, very little evidence is available to indicate that individualized homeopathy treatment could be distinguished from placebo. In some cases relatively small, specific effects could be observed (Mathie and Clausen, 2015b; Mathie et al., 2016) ; however, these small effects originated mainly from prophylaxis trials (Mathie and Clausen, 2015b) . However, these little effects originated mainly from prophylaxis trials (Mathie and Clausen, 2015a) . Additionally, Mathie et Clausen (2014) reported that the efficacy of individualized homeopathic treatment was not different from placebo treatment for bovine mastitis (Mathie and Clausen, 2014) .
Two SR have been performed to identify medicinal plants that could have potential beneficial effects in veterinary medicine (Mayer et al., 2014; Ayrle et al., 2016) . Both SR concluded that botanical products need further in vivo investigations and particularly clinical trials before any conclusions can be drawn on their efficacy. Mayer et al. (2014) concluded that the European ethnoveterinary medicine offers a solid basis for stimulating research in veterinary phytotherapy in Europe with a perspective to solve animal health problems in organic or even nonorganic ruminant production. Results seem thus promising, but studies require more rigors and constants. Mallow and St. John's wort were the 2 plants identified to have potential beneficial effect as topical agents in cases of mastitis (Mayer et al., 2014) . Roberson (2012) , in his review on the treatment of CM, reported that anti-inflammatory drugs must be considered in the treatment of CM. However, he also stated that many of the studies evaluating anti-inflammatory drugs were experimental studies and that no consensus was available on the beneficial effect of these drugs. Additionally, it is most likely that these will not alter the outcome of grade 1 and 2 CM (Roberson, 2012) . As mentioned previously, because no clinical trials are available for the evaluation of anti-inflammatory drugs in field condition, their efficacy cannot be determined.
It is often mentioned and seems intuitive that the mammary gland health could be improved with more frequent milk out with or without concurrent use of oxytocin. Indeed this would potentially lead to removal of bacteria from the mammary gland and, therefore, facilitate cure. The current SR concluded that the efficacy of oxytocin with or without frequent milking out alone is inconsistent and some potential detrimental effects were reported. However, in one study on frequent milk out used in association with antimicrobial treatment or NSAID, a positive effect on clinical cure was observed (Suojala et al., 2010) .
Finally, few alternative therapies are approved for use in dairy cows by regulatory agencies. Although some are approved as food additives, information is currently lacking regarding their safety for cows and, ultimately, for consumers. This lack of animal and food safety evidence, combined with the fact that their efficacy was not demonstrated so far, should deter us from using alternative therapies on commercial dairies.
Implications for Research
This SR clearly underlines the urgent need for welldesigned randomized clinical trials for the evaluation of alternative treatment for CM. Ultimately, researchers must prove the efficacy of the alternative treatment and first confirm their potential safety (for the cows and the consumers) and efficacy in experimental models. Additionally, the role of conventional anti-inflammatory drugs needs to be confirmed by RCT. Finally, to minimize bias, using the CONSORT statement, not only for reporting, but also for designing clinical trials, is strongly encouraged.
CONCLUSIONS
Unfortunately, because of the low number of highquality trials for each treatment, no evidence-based recommendations can be given for the use of alternative or non-antimicrobial conventional treatment for CM. However, because of reported detrimental effects and lack of evidence of an effect on bacteriological or clinical cure rate, probiotics and oxytocin with or without frequent milk out are not recommended. Additionally, results from this SR would support a conclusion toward nonefficacy of homeopathic treatments for CM treatment.
